2 Is a plan view showing an arrangement of a main 
section of the wntmHtmwit FIGS. 3A and SB are per- 
spective views of cartridges of optical discs in die em- 
bodiment. 

In FIGS. 1 to 3A and 3B, reference s omen ! 1 de- 
notes a fine or second optical disc Thicknesses of disc 
substrates of both of the first and second optical discs 
are different. Reference numeral 2 denotes a cartridge 
which encloses the optical disc 1 and protects, The 
cartridge 1 is made of plastics or the Eke. Reference 
numeral 3 denotes a first optical head and 5 indicates a 
second optical head. Each of the opdcal heads is con* 
stracted by a converging optical [system] unit 

comprising: an 

abjective lens; a semiconductor laser; i photo detector; 
t beam splitter; and the uTte (all of the above compo- 
nents are not shown). Each of the optical head detect 
an information signal, a foensing error signal, and i 
tracking error signal which have been recorded on the 
optical disc 1 on the basis of an intensity or an intensity 
distribution of the reflected lights of a laser beam irradi* 
tted onto the optical disc 1 and generates a photo detec- 
tion signal to the outside. An information signal is re- 
corded onto or erased from the optical disc 1 by modu- 
lating an intensity of the laser beam, Both of the optical 
heads have bases to hold the above optical devices and 
actuators. A reproduction informaccn signal, a focusing 
error signal, and a -.racking error signal which are gen- 
erated from the photo detector of the first opdcal head 
3 are expressed by Si, Ft, and Tt, respectively. Similar 
signals which are generated from the photo detector of 
the second opdcal [disc] head 

5 are also expressed by Si 
and ts, respectively. Reference numeral 4 denotes a 
first linear motor which ts arranged below the op deal 
disc X and moves the first optical head 3 in the radial 
direction of the disc in parallel with the disc surface, 
Reference numeral 6 denotes a second linear motor 
which is arranged below the opdcal disc 1 so as to face 
the first linear motor 4 and moves the second opdcal 
head 5 in a manner similar to the first opdcal head 3. 

As shown in FIG. 2, the second linear motor 6 is 
extended until the further outside of the outermost pe- 
ripheral portion of the opdcal disc L Taerefcre, when 
the second optical head 5 moves to the outermost side, 
the opdcal head 5 is projected from the lower surface of 
the opdcal disc Reference numeral 7 denotes i discrim- 
ination hole formed on the surface of ±e cartridge 2. 

The cartridge in the embodiment will now be de- 
scribed with reference to FIGS. 3 A and 3B. The dis- 
criminadco hole 7 is closed in the case where the opdcal 
disc 1 enclosed in the cartridge is the first apccal disc - 
shown in FIG. 3 A and is open in the case where it is the 
second optical disc shown in rIG. 3B. Reference nu- 
meral 33 denotes a slide shutter. Since the opdcal disc 
apparatus sf the embodiment has two opdcal heads, two 
slide shutters are provided. When the cartridges are 
removed from the optical disc apparatus, the slide shut- 
ters are dosed to protect the internal discs from dusts. 

Reference numeral 3 denotes a light emitting diode 
(hereinafter, abbreviated :o an ISO) which is arranged 
so is to be located over the discrimination hole 7 when 
the cartridge 2 has been loaded into the optical disc 
apparatus of the embodiment. Reference numeral 9 
denotes a photo diode arranged at a position so as to 
face the LED S through the cartridge 1 The photo 
diode 9 generates a detection signal :o a system control- 
ler 22, which will be explained hereinlaiar. Reference 
numeral 10 denotes a first selector for selecting either 
one of the first group of photo detection signals (Si, 
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«p*lin accordance with the signal F 2 and supplies to 
ST^TE? «^ 860011(3 OPtical head 5 tbn£* the 
ti^ selector 14, thereby elimhutti^ the fcxSSwr 
Tne linear motor control circuit 15 genemestheoVfc- 
mg current to the linear motor 6 bnp^toihe 
control signal from the system «mtroS^th«ehy 
moving the second optical head 5 m the inner or outer 
fin direction of the optica] disc L The spindle control 
circuit 17 extracts a dock component from the infonaa- 
coo signal Si and controls the spindle motor IS. thereby 
routing the optical disc 1 at a constant linear velocity 
<£XV) or a constant angular velocity (CA V) or ihc like. 
The signal processing circuit IS executes signal pro- 
cesses such as demodulation, decoding, and the like to 
the information signal S z in the reproducing mode and 
generates to the outside as audio or video signals or the 
like. On the other hand, the signal processing circuit 19 
executes signal processes such as encoding, modulation, 
and the like to the audio or video rignals or the like 
which have been supplied from the outside a the re- 
cording mode and generates to the LD drivi-g circuit 
20 as a recording signal. Until the cartridge 2 is {loaded]. 
unloaded 

the second optical bead 5 records or reproduces the 
information signal onto/from :he second optical disc L 
On the other hand, ia the case where :he cartridge 2 
enclosing the fin: optical disc has been leaded into the 
optical disc apparatus of the embodiment, since the 
discrimination hole 7 is closed, the photo diode 9 do- 
esn't detect the transmission light. Therefore, the sys- 
tea controller 22 determines that the disc in the car- 
tridge 2 is the foregoing firs: optical disc Thus, the 
controller 22 generates control signals us the .Irs: to 
fifth selectors 10. 12, 14, 16, and 21 so as to seiec: the 
terminals A on the first optical head side. Therefore, the 
semiconductor laser of the first optical head 3 is selected 
as an output destination of the driving current which is 
supplied from the LD driving circuit 20. The photo 
de^ctor of the firs: optical head 3 is selected as in input 
destination of the tracking control circuit 11, focusing 
control circuit 13. spindle control circuit 17, and signal 
processing circuit 19. ir.e actuator of the first optical 
head 3 is selected as an output destination of the xctua- 
tor driving signals of the tracking control circuit 11 and 
focusing control circuit 13. The first linear merer + is 
selected as an output destination of the driving current 
of the linear meter 'control circuit [171 15. 

laerefcre. the 

Cm optical head 3 irradiates the laser beam and con- 
verges onto the information track on the optica] disc 1 
without an aberration. Simultaneously, the rejected 
lights from the disc are detected and generated is the 
information signal Si, focusicg error signal ?;, and 
tracking error signal Ti. "The ibove sipais are supplied 
through the first selectors 10 tc the respective circuits 
That is. the signal Si is supplied to the spindle control 
circuit 17 and signal processing circuit b. The ligr.al 
Fi is supplied to the focusin; control circuit 13. The 
signal Ti is supciied :o the tracking errcr detecting 
circuit 11. The subsequent operations are limiiir to 
those in the case of the second optical cisc mentioned 
above, 

In the case where the objective !cr.s or the second 
optical bead is a lens of a high NA and i short [operating] 
working 

distance, it is accessary to set in inter-'ii >z:'»zzn the 
second optical head 5 and the surface of :he optica: disc 
1 to be fairly narrower than that : si the case zi :~c Hrst 
optical head [5] 3. 

Therefore, whii: the first optica; cisc is 
loaded, the controller 22 controls the scccr.c in ear 
motor 6, thereby coving :h= second optical heed 5 tc 



11 

system mentioned in the second embodiment of the 
invention together with the first 
32,the6toco!ftTnatniglens33,tte 
and the first raaror 33. The second objective lens 46 
construct tte second ex mva y ing optical system to- 
gether with the first seraieorrittctor User 32T5e~ first 
coffimating lens 33, the first beam spGtter 34, [and the] 
(first mirror 35] which are commonly used for the first 
converging optical system. The first converging optical 
system is mounted onto a common (sot shown) 
together with the first and second shutters (5] 51. 
tad 52, 

thereby constructing the fourth optical head 50. Since 
the lens holder 39 ind the actuator 40 have the 
construction as those in the third optical head 30 in the 
second embodiment, their de scri ptions are omitted here. 
The fourth optical head 50 is attached to the first linear 
motor 4. 

The operation of the optical disc apparatus in the 
embodiment with the above constneuon wul now be 
described hereinbeiow. The land of optical disc is de- 
tected in a manner similar to the above. When the sys- 
tem controller 22 determines that the disc in the loaded 
cartridge 3 is the second optical disc the controller 23 
generates control signals to the first icd second shutters 
51 and 52 of the fourth optical head 50. When the con- 
trol. signals are supplied, the first shutter 51 is closed and 
the second shutter 52 is open. In the above state, the 
laser beam emitted from the fust semiconductor laser 32 
is converted into the parallel beam by the first ccllimai- 
ing lens 33 and is divided into the transmission tight and 
the reflected light by the first beam splitter 34. The 
.transmission light is shut oat by the first shutter 51 via 
the first mirror 35. Consequently, only the reflected 
light passes through the second shutter 52 and is con- 
verged onto the optica: disc 1 by the second objective 
lens 46. Tne light reflected by the optical disc 1 is again 
converted into the parailei light by the second objective 
lens 46 and passes through the second shatter 52 and is 
reflected and separated by the first beam splitter 34 and 
is converged onto the first photo detector 38 by the first 
detecting lens 37. Tne first photo detectcr 38 generates 
the focusing error signal and tracking error signal from 
the converged reflected light of the disc and reproduces 
the in form acta n signal on the disc The above operations 
are executed until the cartridge 2 is unleaded. 

Since the operations of the first linear r.otor 4, 'jack- 
ing control circuit 11, focusing control circuit 13, linear 
motor control circuit 15, spindle control circuit 17, 
spindle meter 18, signal processing circuit 19, LD driv- 
ing circuit 20, and system controller 22 are the same ss 
those in the optical disc apparatus of ±z foregoing fin: 
embodiment, their descriptions are omitted here, 

On the other hand, if the system controller 22 deter- 
mines that the disc in the loaded cartridge 2 is the firs: 
optical disc the first shutter 51 is opened and the seccad 
•shutter 52 is closed. In the above rate, in the transmis- 
sion light and the reflected light by the first beam split- 
ter 3*. the reflected iight is shut out by the second shut- 
ter 52 and only the transmission light passes through the 
first shutter 51 and is converged onto the optical disc 1 
by the first objective !ecs 36. The other cperadoos are 
executed in a manner similar to those in the case of the 
second optical disc 

As mentioned above, according to the third embodi- 
ment, in addition to the e/Tects by the second embodi- 
ment, since the first and second shutters 51 and 52 ire 
provided as light fluj: selecting means, the semiconduc- 
tor laser, collimsting lens, beam splitter, detecting !er.s. 
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tad photo rirtect o x in each of the converging optical 
system can be commonly used am) the size and weight 
of the optical head can be reduced. Therefore, asnmrfng 
that a drrvingforoe of the linear motor a the atme, the 
trnprovemeat of the performance such as reduction of 
the seeking time and the Gke exa be realized. 

FIGS. 9A. and 9B show a detailed constructional 
diagram of an optical head of an optical disc apparatus 
in the fourth embodiment of the invention, In FIG. 9 A, 
since the optical disc 1, first semiconducar laser 32, 
first co llimiirfn g leas 33, first beam splitter 34, second 
objective tens 46, first detecting less 37, and first photo 
detector 38 are constructed in a T7*nn^r similar to those 
in the foregoing fourth optical head 50, their descrip- 
tions are omitted here. Reference numeral 56 denotes a 
leas holder to hold the second objective less 4o* ; 57- an 
actuator to which the lens holder 56 is* anacbei ** a 
wave front correcting leas attached to a slide? 55, 
which win be explained nereiniatcr, so that the optical 
axis is in parallel with the optical axis of the second 
objective leas 46; and 55 the slider which rapports the 
wave front correcting leas 5* and is arranged so as to 
transverse in the plane which is perpendicular to the 
fight flux between the first bea~ splitter 34 and the 
second objective leas 46, thereby enabling the wave 
front correcting leas 54 to be moved in men a plane, 
Moreover, such a movable range is set to a position 
(shown by Pi in the diagnm) where the wave front 
correcting leas 54 is perfectly deviated out of the light 
flux or a position (shown by P: in the diagram) where 
the optical axis of thefslider 55] wavefront correcting lens 
54 coincides with the opti- 
cal axis of the second objective lens 46. Toe above*mea. 
txoned component elements are attached to a base (sot 
shown) and construct a fifth optical head 53. 

FIG. 9B is a plan view when the wave front correct- 
ing leas 54 and the slider 55 are seen from the direction 
of the optical axis. In the diagram, the leas 54 is movable 
in the direcaoru shown by arrows. Tne wave front 
correcting less 54 has been designed in a manner such 
that a synthetic optical system with the second objec- 
tive leas 46 is identical to the foregoing first objective 
lens. That is, the lens 54 has been designed so as to 
correct the aberration by the disc substrate of the first 
optical disc In the fifth optical head 53, the second 
objective leas 46 constructs the second converging 
optical system mentioned in the second embodiment of 
the invention together with the first semiconductor 
laser 32, first collimating leas 33, and first beam splitter 
34 and can be also regarded such that they construct the 
first converging optica! system by adding the wave 
front correcting leas 54 'jo the second converging opti- 
cal system. 

Since a whole constriction of the optical disc ippara- 
tus in the fourth embodiment is substantially the same is 
that of the optical disc apparatus cf the third embodi- 
ment shown in FIG. 7 mentioned sbove, its descristicn 
is omitted here. 

The operation of the optical disc apparatus is the 
fourth embodiment with the above construction will 
now be described herein bciow wich respec: to only the 
fifth optical head 53. The kind of optical disc is detected 
in a manner similar to the above. If the system control- 
ler 22 determines that the disc in the loaded cartrtc ge 2 
is the second optical disc, the controller Z2 generates a 
contrsi sigzal to the slider 55. When the control signal 
is supplied, the slider 55 moves the wave front correct- 
ing lens 54 ;o the position Pi. The laser beam emitted 
from the first semiconductor laser 32 is converted into 
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optical system corresponding to the thin disc substrate, 
a tracking error signal cannot be ordinarily obtained 
from an optical disc of a thick disc substrate due to a 

spherical aberration of the converging fr-im Conse- 
quently, two optical discs having different th i r V n rr p T 
can be discriminstrd by cheddng the prrync^ or ab- 
sence of the tracking error signal In w r h a case, there 
is an excellent effect such that the apparatus is simplified 
because there is no need to ase the detecting means such 
as LED and photo diode and the Ukc 

The optical head in each of the above-described opti- 
cal disc apparatuses has been constructed by a conven- 
tional optical system using the objective teas nude of a 
quartz glass or the like. An optical head in each of opti- 
cal disc apparatuses of embodiments, which wu*l be 
explained bereauater. differs from the above optical 
head and is constructed by forming an optical system 
onto a thin, film waveguide. 

FIG. 10 is a block diagram showing a construction of 
an optical disc apparatus according to the fifth embodi- 
ment of the invention. Further, FIG. 11 is a schematic 
per spective view showing a construction of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invention. Sines a construction shown in 
FIG. 10 is substantially the same is that of the optical 
disc apparatus in the second embodiment of the inven- 
tion shown in FIG. 5 except that a sixth optical head 60 
is used, its de sc r ipti on is omitted here. The sixth optical 
head 60 shown in FIG. 11 will aow be described is 
detail hereinbeiow. 

In FIG. U. reference numeral 1 denotes the same 
optica] disc as that described m the foregoing embodi- 
ments. Reference numeral 300 denotes an information 
track formed on the optical disc 1. Reference numeral 

61 denotes a substrate formed by LiNbOj or the IDce. 
The substrate 61 is attached to a head base through a 
focusing actuator and a tracking actuator and con- 
structs the sixth optical bead 60 together with them. 
Since the focusing actuator, sicking actuator, and head 
base which have conventionally been weH jmown can 
be used as those components, their detailed description 
and the drawings are o mined hers. Reference numeral 

62 denotes an optical waveguide formed on the sub- 
strate [51] 61 

by Ti diffusion or me like; 63 a fust semicon- 
ductor laser coupled to an edge surface of me optical 
waveguide 62; and 64 a first waveguide lens arranged 
on an optical path of the waveguide light which has 
been emitted from the fust semiconductor !aser 63 and 
entered the optical waveguide [61] 62. 

For instance, i F res- 
nei lens formed by an electron beam lithopapcy can be 
used as a lens 64. Reference numeral 65 denotes a firs: 
converging grating coupler formed on the optical path 
of the parallel waveguide light. The coupler 65 emits 
the waveguide light to a position out of lie optical 
waveguide 62 and converges onto the optical disc 1. 
The first converging grating coupler 65 is i grating 
having a chirp (Irregular period) by a curve formed or. 
the waveguide by electron beam direct drawing cr :he 
like. Reference numeral 66 denotes a first beam splitter 
which is arranged between ibc first waveguide lens Si 
and the first converging grating coupler 65 and sepa- 
rates the waveguide light which has been returned into 
the optical waveguide 62 through the first converging 
grating coupler 65 after it had been reflected by the 
optical disc 1. Reference numeral 57 dcr.c:=$ a' firs: 
waveguide converging lens which is amused on the 
optical path of the return waveguide light which has 
been separated by the first beam splitter 66 and con- 
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verges the return light Reference numeral 68 denotes a 
first photo d e tector winch Is coupled to the side snrfece 
of the optical waveguide €2 and detects the return 
waveguide light which has been converged by the first 
waveguide con ve rgi n g lens 67. 

Similarly, reference numeral 69 denotes a second 
semiconductor laser coupled to the edge surface of the 
optical waveguide 62; 70 a second waveguide teas ar- 
ranged on the optical path of the waveguide light which 
has been emitted from the second semiconductor User 

69 and entered the optical waveguide [611 62; 

and 71 a sec- 
ond converging grating coupler fanned on the optical 
f path of the parallel waveguide light The coupler 71 
' emits the waveguide light to i position out of the optical 
waveguide 62 and converges onto the optical disc L 
Reference numeral 72 denotes a second beam splitter 
which is arranged between the second waveguide leas 

70 and the second converging grating coupler 71 and 
separates the waveguide light which has been returned 
into the optical waveguide 52 through the second cos- 
verging grating coupler 71 after it had been reflected bv 
the optical disc t Reference numeral 73 denotes a sec- 
ond waveguide converging lens which is arranged on 
the optical path of the return waveguide light which has • 
been separated by the second beam splitter 72 and con- 
verges the return waveguide light Reference nuxnerai 
74 denotes a second photo detector which is souptcd :o 
the ride surface of the optical waveguide 62 and detect 
the return waveguide light converged by the second 
waveguide converging lens 73. 

A curve chirp grating of the 5nt converging grating 
coupler 65 has been designed in a manner such that for 
instance, NA=»0.-i5 and the emission light can be con- 
verged until a diffraction limit and the aberration due :o 
. the disc substrate of the thickness di can be corrected. 
The second converging grating coupler 71 has been 
designed in a manner such ±at, for example, NA »0.3 
and the aberration due to *Jie disc substrate of the thick- 
ness di can be corrected. 

The first and second beam splitters 66 and 72 are 
attached at positions which are deviated so that the 
reflected light of each beam splitter does not enter the 
other beam splitter as a stray light 

Such an optical waveguide and a waveguide type 
device have been described in detail in, for example. 
Nishihara, Hamna, and Saihara. -Optical Integrated 
Circuit^ Ohm Co., Ltd., 1535, or die like. In the inven- 
tion, both of the above weil-ciowa optical waveguide 
and waveguide type device =3 n be used in the optical 
waveguide 62 or the like. 

The operation of :he optical head in the fifth embodi- 
ment with the above constriction will sow be described 
herein below. 

If the optical disc 1 is the firs: optical disc, ths driving 
current is supplied to the firs: semiconductor laser 63. 
Then, the laser 63 emiu a laser beam from one edge 
surface of the optical waveguide 62. The laser beam 
propagates is a waveguide light. The waveguide light is 
converted into the parallel light by the first waveguide 
lens The parallel light transmits the first beam split- 
ter 66 and subsequently enters -he first convergu:g grat- 
ing coupler 65. The coupler 55 extract the parallel light 
out of the optical waveguide 52 and converges onto the 
information track 200 on the first optical disc L The 
reflected light from the disc surface again enters the 
optical waveguide 62 through the first converging grat- 
ing coupler 65 and propagates as a return wr/eguide 
light in the opposite direction. Further, .the return 
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